We find systematic signatures suggesting a different superconducting nature for a triple-layered cuprate Bi 2 Sr 2 Ca 2 Cu 3 O 10+δ with respect to a double-layer through the properties of intrinsic Josephson junctions (IJJs). Our measurements on the current-voltage characteristics reveal that the c-axis maximum Josephson current density is sensitive to the superfluid density in outer planes while the critical temperature and the superconducting gap remain unaffected. Switching dynamics of stacked IJJs exhibit that the fluctuation in gauge-invariant phase difference of an IJJ implies that the inner plane completely shields the capacitive coupling between adjacent IJJs, which is essential for mono-and bilayered cuprates.
of the two topmost IJJs in Bi2223 compared to Bi2212 illuminates the role of capacitive coupling between adjacent IJJs 9, 18 . These findings stimulate the development of a new intrinsic Josephson junction model that includes electrodynamics between CuO 2 planes inside a superconducting layer of Bi-cuprates, which has been considered to be quenched.
First, we discuss a proximity effect for the triple CuO 2 planes found in the maximum Josephson current of the surface IJJ. A current-voltage characteristic (IVC) of sample M at 0.4 K is shown in Fig. 2 (a) . The values of J c for first and second switches (labeled as FS and SS) of sample M are J c1 = 1.4 and J c2 = 1.45 kA/cm 2 , respectively. In Bi2212 mesa structures, J c of the first IJJ (IJJ1) is commonly reduced more than tens percent of the J c of other bulk IJJs (IJJ2) 21, 22 . This is due to the proximity effect to the normal electrode evaporated just above IJJ1 23,24 . However, in Bi2223, this reduction is significantly smeared. We attribute this change of the reduction in J c to the presence of IPs. In cuprate superconductors with the d-wave symmetry of superconducting gap, superfluid density ρ s determines both T c 25,26 and J c because carrier doping significantly influences to the extent of the Fermi arc in the k-space and consequently alters superconducting properties even for cases with an identical superconducting gap [27] [28] [29] [30] plane (which is LOP1) is much less influenced. Therefore, the J c of a multilayered IJJ is determined by a combination of ρ s in a pair of OPs sandwiching a BL (viz. LOP1-UOP2 and LOP2-UOP3 for J c1 and J c2 , respectively).
Second, we exhibit that chemical disorder of the Sr site significantly reduces ρ s of OPs irrespective to T c . Figure 2 It is clearly seen that the mean J c2 of samples K and L is considerably lower than samples of M and N despite their higher T c . One can infer two exponential doping evolutions in J c corresponding to the difference in Bi/Sr chemical compositions of crystals. This is in sharp contrast to the case of Bi2212, where the doping evolution of J c falls into a single exponential dependence irrespective of the difference in Bi/Sr ratios 13 . It is known that and Bi2223 40 , respectively. The Josephson oscillation of IJJ1 may couple to the intralayer plasmons under a current bias. In the bilayer case, the intralayer plasmon of SL2 directly couples to the Interlayer plasmon of IJJ2. However in the trilayer case, the intralayer plasmon between UOP2 and IP2 is necessary to excite another intralayer plasmon between IP2 and LOP2 to couple to IJJ2. This complicated process to couple between IJJ1 and IJJ2 is presumed to make the enhancement of the quantum fluctuation of IJJ2 invalid. Thus we claim that the presence of IP provides significant difference of capacitive coupling in Bi2223 from those in Bi2201 and Bi2212.
Recent observations of the light-induced superconductivity in YBCO up to room temperatures 20 have been in investigated theoretically by Okamoto et al. 19 . In their model, the capacitive coupling between the CuO 2 planes within a SL is taken into consideration on the basis of the alternating IJJ model 41 . They propose that the moderate capacitive coupling between the bilayer of YBCO contribute to enhanced interlayer Josephson coupling. However, in Bi2223, light-induced superconductivity at temperatures higher than its equilibrium T c has not been observed 42 . This scenario is totaly consistent to our results described above. and SS (open) for sample M (red) and Bi2212 mesa C of Ref. 22 (black). In Bi2223, T eff of the both switches is independent of temperature below 1 K and T eff ≈ T bath holds above 2.0 K. In Bi2212,
T eff for SS is much higher than that of FS at low temperature region. In the inset, temperature dependence of fluctuation-free critical current densities J c0 are plotted with the same symbols.
